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A gas, Y, is denser than air, soluble in water and is alkaline. Which method is used to collect a

dry sample of the gas?

dry Y

- water Y

WdWY

calciumoxide

C D
¥ *mj. W dry Y
calciumoxide ‘ Y. o
dry Y

s]_ concentrated
sulfuric acid

A technician was analysing some waste water from an industrial plant. He collected
500 cm? of the water and separated it into two 250 cm?® samples. He filtered the first sample and
evaporated the water from the other sample. He weighed the dried solid residue from each
sample and found that the mass of solid from the filtered sample was 40 g and the mass from
the evaporated sample was 55 g.

What was the mass of soluble and insoluble material in 1000 cm? waste water?

mass of soluble
material in 1000 cm?
waste water / g

mass of insoluble
material in 1000 cm?3
waste water / g

15
30
60
60

OO mw>»

40
80
160
220

Diagrams U, V, W and X represent containers of gas.

Co @

80 %°
0P8

?» D
89

Which diagram(s) can be used to illustrate a mixture of allotropes?

“.Oo 0 ®
O 00| | B
U \'
A Uonly
C UandW

W

X

B Wonly
D VandX

Key:
Atom of elementY Q

Atom of elementZz @
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Five students each dissolved an indigestion tablet in 100 cm?® of water. They then titrated
25.0 cm? of their solutions with dilute hydrochloric acid, using the same indicator.

The results are tabulated as shown.

student 1 2 3 4 5
titration value / cm?® 21.15 21.10 21.20 21.10 23.00

Which statement could explain the result obtained by student 5?

The burette was washed out with hydrochloric acid.

The pipette was washed out with the tablet solution.

The titration flask was washed out with the tablet solution.

The student measured to the top of the meniscus in the pipette.

oo w>»

Compound X has the following properties:

melting point / °C 86
boiling point / °C 149
solubility in 100 cm? water / g 0.00017

Which apparatus can be used to separate pure X from a mixture of X and water?

A B
L
C D

v/
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A catalyst is a substance that can be used to speed up a reaction. An example of a catalysed

reaction is the formation of water from hydrogen, H», and oxygen, O, gases using powdered
platinum catalyst.

Which sequence of diagrams best represents the catalysed reaction between hydrogen and
oxygen?

0 oo =) [ _J (
(e @) (I)“ (D“ oo“
23] e— ") Erre=——m

v 1 e
& & | oo:'. & Atom of hydrogen @

Atom of oxygen (o]

‘ ‘ ‘ * Platinum catalyst [
=== —/ c—/ ==
A B Cc D

Liquid air can be separated into its three main components by fractional distillation. These three

components boil at either =196 °C, —186 °C or —183 °C. The graph shows the temperature of a
liquid air mixture as it is heated.

temperature / °C
]

time / min

Which of the following correctly states the temperature in section P of the graph?

A above —-183 °C B below -196 °C
C between —196 °C and —186 °C D between —-186 °C and —183 °C



10

11

PRSS 2020 _S4E_Prelim_Chemistry P1

M and N have the following compositions:

number of protons | number of neutrons | number of electrons
M 11 11 10
N 8 8 10

Which of the following is true?

M and N are cations.

M and N are elements from Group 0.

The formula of the compound formed between M and N is M:N.
The compound formed from M and N is soluble in organic solvent.

OO0 w>»

Nihonium is a newly discovered element with an atomic number of 113. It has the chemical
symbol, Nh. One possible isotope of nihonium is Nh-286, which has a mass number of 286.
How many neutrons are there in Nh-2867?

A 113 B 173
C 286 D 399

Silane (SiH4) is a substance containing one silicon atom and four hydrogen atoms. It has a
boiling point of =112 °C. What can be deduced from this information?

Silane has a giant molecular structure.

Silane has a simple molecular structure.

Silicon is a metal that forms an ionic bond with hydrogen.

Silicon will always form an insoluble compound since silicon is insoluble.

OO mw>»

Which statement explains why potassium chloride, KCI, has a lower melting point than calcium
oxide, CaO?

Potassium is more reactive than calcium.

The melting point of potassium is lower than calcium.

Potassium chloride is covalent but calcium oxide is ionic.

The forces of attraction between K* and Cl- is weaker than that between Ca?* and O?-.

oo m>»
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12 The conical flask contains compound X which is present in the solid, liquid and gaseous states.

gaseous X

solid X
liquid X
Which statement is correct?

Liquid X is at a higher temperature than solid X.

Liquid X molecules vibrate about their fixed positions.

A gaseous X molecule has a lower mass than a liquid X molecule.
Some molecules of liquid X gain sufficient energy to move to the gaseous phase.

OO w>»

13 Ethane has the structure shown.

Ly
H—C—(—H
H H

How many electrons in a molecule of ethane, C2Hg, are not involved in bonding?
A 0 B 2
C 4 D 8

14 The diagram shows the electrolysis of aqueous sodium chloride and of molten sodium chloride.

i} copper wire

molten
sodium chloride

aqueous
sodium chloride

graﬁbite
electrodes

Which labelled component contains both positive ions and mobile electrons?

A aqueous sodium chloride B copper wire
C graphite electrodes D molten sodium chloride
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The diagram shows the arrangement of the ions in an ionic crystal.

Key:

O = positive ion
@ = negative ion

Which compound cannot have this arrangement of ions?

A calcium chloride, CaCl, B copper(I) nitrate, CuNO3
C sodium chloride, NaCl D zinc sulfate, ZnSO4

A sudden decline in the amount of dissolved oxygen in water can cause mass fish deaths. A
normal river usually contains about 0.008 g/dm?® of dissolved oxygen. Most species of fish
cannot survive if the oxygen level drops to about 0.003 g/dm3. To measure the amount of
dissolved oxygen in a water sample, a series of chemical reactions is used. These reactions
can be summarised in the following chemical equations.

reaction 1: 2MnSO4 + 4KOH + Oz — 2MnO(OH), + 2K2SO4
reaction 2: MnO(OH), + 2H2SO4 — Mn(SQO4). + 3H.0
reaction 3: Mn(SO4)2 + 2KI — MnSO4 + KoSO4 + I2
reaction 4: 2NazS;03 + I — NaxS406 + 2Nal

In reaction 4, the amount of Na»S,03 required to react with all of the iodine, I, is carefully
measured. What is the ratio of the amount of Na;S,03; used in reaction 4 to the amount of Oz
present in reaction 1?

A 11 B
C 31 D

The reaction between hydrogen gas and oxygen gas produces water as represented by the
following chemical equation.

2H2(g) + O2(g) — 2H20(g)

500 hydrogen molecules are mixed with 1000 oxygen molecules in a sealed container and
ignited. What is the total number of molecules in the container after the reaction?

A 500 B 750
C 1000 D 1250
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How much sulfuric acid is required to exactly neutralise 25.0 cm® of 1.0 mol/dm® sodium
hydroxide solution?

5.0 cm® of 2.0 mol/dm? sulfuric acid
5.0 cm?of 2.5 mol/dm? sulfuric acid
10.0 cm? of 1.5 mol/dm? sulfuric acid
12.5 cm?® of 2.0 mol/dm? sulfuric acid

OO w>»

Which salt is best prepared by a method using precipitation?

A copper(Il) sulfate B lead(Il) sulfate
C potassium carbonate D sodium nitrate

All ammonium salts on heating with aqueous sodium hydroxide produce ammonia gas. From
which ammonium salt can the greatest mass of ammonia be obtained?

A 0.5 mol (NH4)3PO4 B 0.5 mol (NH4)2SO4
C 1.0 mol NH4CI D 1.0 mol NHsNO3;

Some dry crystals of citric acid are placed on a piece of dry blue litmus paper. What observation
can be made?

Litmus paper turned red.

Litmus paper was bleached.

Litmus paper remained unchanged.
Litmus paper turned red then bleached.

oo w>»

Aqueous ammonia is added to a solution of a salt. A white precipitate is formed which dissolves
in an excess of aqueous ammonia. Which metal ion could the salt contain?

A AP B Ca*
C Cu* D zZn*

Phosphine, PHs, is a gas which behaves like ammonia. What ions would be produced when
phosphine dissolves in water?

A PHs', H' B PH/, H
C PHs', OH D PH4", OH
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24 The following table shows some pH data for some indicators.

25

26

27

indicator lower pH colour higher pH colour
bromocresol green < 3.8 yellow > 5.4 blue
methyl red < 4.8 yellow > 6.0 red
phenol red < 6.8 yellow > 8.4 red

A student tested an unknown substance with all the indicators. Each indicator gave either its
lower pH colour or its higher pH colour. The student was able to narrow the pH range of the
substance to less than 1 pH unit.

What was the range of pH of the unknown substance?

A 20-28
C 6.0-6.8

B 48-54
D 80-84

In an accident at a factory, some nitric acid was spilt. Which substance, when added in excess,
neutralises the acid without leaving an alkaline solution?

A aqueous ammonia B
C calcium carbonate

aqueous sodium hydroxide
D water

Which reagent could be used to distinguish between dilute nitric acid and dilute hydrochloric
acid?

A aqueous barium chloride B
C aqueous sodium hydroxide D

aqueous silver nitrate
copper(Il) carbonate

Which of the following correctly represent what happens in the Haber process for the
manufacture of ammonia?

the process is reversible.

the hydrogen needed is obtained from fractional distillation of liquefied air.
the ratio of the molar volume of hydrogen to nitrogen is 1 : 3.

the unchanged reactants are recirculated.

A WODN -

1 and 4 only
1, 2 and 3 only

o >

B 2and3only
D 1

d
,2,3,4



PRSS 2020 _S4E_Prelim_Chemistry P1

28 Agueous sodium hydroxide is a strong alkali while ethanoic acid is a weak acid. The reaction
between aqueous sodium hydroxide and ethanoic acid causes a change in electrical
conductivity of the mixture.

Which graph shows the change in electrical conductivity when aqueous sodium hydroxide is
added slowly to ethanoic acid until the alkali is present in excess?

A A A B
g 2
> s
B B
5 3
c C
8 8
! < A -
0 end volume 0 end volume
~ point  of NaOH point  of NaOH
A C A D
2 2
= s -
| C
8 8
0 end  volume 0 end volume
point  of NaOH point  of NaOH

29 What is the most abundant noble gas in the Earth’s atmosphere?

A argon B helium
C krypton D xenon

30 Which atmospheric pollutants, emitted by internal combustion engines, are reacted together to
convert them to less harmful products?

carbon monoxide and nitrogen dioxide
carbon monoxide and unburnt hydrocarbons
nitrogen dioxide and sulfur dioxide

sulfur dioxide and unburnt hydrocarbons

OO W >

31  Which reaction does not involve oxidation and/or reduction?

A 2S0;+ 0O; — 2S0; B Ba* + S04 — BaS0O,
C CuO +H; — Cu+H0 D Mg — Mg? +2e”

10
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The diagram shows the apparatus used to test the gases produced by burning coal.

T (——> to pump
1

%

burning coal ?

Which solution is placed in the tube R to show that sulfur dioxide is formed?

A acidified potassium iodide B acidified potassium manganate(VII)
C calcium chloride D limewater

In which reaction is the pressure least likely to affect the rate of reaction?

C(s) + CO2(g) — 2CO(g)

2S02(g) + O2(g) — 2S03(9)

NHs(g) + HCI(g) = NH4CI(s)

NaOH(aq) + HCI (aq) — NaCl(aq) + H20(l)

oOoOw>

The reaction between magnesium and sulfuric acid can be represented by the following
chemical equation:
Mg(s) + H2SO4(aq) — MgSOa4(aq) + Hz(g)

In the graph below, curve X represents the result of the reaction between 2.4 g of magnesium
ribbon and 50 cm? of 1 mol/dm?® sulfuric acid at 50°C. Which reaction mixture below could
produce curve Y at 50°C?

A X
total volume of
gas produced
measured at P mm—————— o e e Y
rtp/cm3 s
]
>

time / minutes

1.2 g of magnesium powder and 50 cm? of 1 mol/dm? sulfuric acid
1.2 g of magnesium ribbon and 50 cm? of 1 mol/dm? sulfuric acid
2.4 g of magnesium powder and 12.5 cm?® of 2 mol/dm? sulfuric acid
2.4 g of magnesium ribbon and 25 cm?® of 2 mol/dm? sulfuric acid

o0 w>»

11
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Using the apparatus shown below, gas X was passed through the tube containing a cotton plug
saturated with potassium bromide solution. A gaseous product was produced when the tube
was warmed gently. The gas leaving the tube was bubbled into liquid Y. Liquid Y turned brown
eventually.

cotton plug saturated with
potassium bromide solution

o

heat
liquid Y

What could likely be gas X and liquid Y?

gas X liquid Y
A chlorine aqueous hydrochloric acid
B chlorine aqueous iodine
C fluorine aqueous iron(III) sulfate
D fluorine aqueous potassium iodide

The diagram of a blast furnace is as shown.

Which one of the following statements is incorrect?

Slag is tapped off at S.

Hot air is blown out through R.

Iron ore, coke and limestone are fed in at P.

Q consists of a mixture of gases, mainly carbon dioxide.

OO w>»

In an electrolysis experiment, the same amount of charge deposited 16 g of copper and 70 g of
cerium. Cerium has a relative atomic mass of 140. What was the charge on the cerium ion?

A Ce* B Ce*
C Ce* D Ce*

12



38

39

40

PRSS 2020 _S4E_Prelim_Chemistry P1

Which is not a product of the following reaction sequence?

gas
steam = pump
o =L =Xl T 72
L iron — copper(II) oxide
heat heat
A copper B iron(III) oxide
C oxygen D water vapour

The table shows the reactions of metals, A, B, C and D when placed in aqueous solutions of
their nitrates.

metal nitrate of A nitrate of B nitrate of C nitrate of D
A - reacts reacts reacts
B no reaction - reacts no reaction
C no reaction no reaction - no reaction
D no reaction reacts reacts -

If a mixture of nitrates of A, B, C and D are electrolysed using carbon electrodes, which metal
ion would be most readily discharged at the cathode?

Brass is an alloy of copper and zinc. The diagram shows an electrolysis set-up of dilute sulfuric
acid using an anode of brass and a cathode of platinum.

dilute sulfuric acid

Which pair of electrode reactions would be expected to occur initially?

anode cathode

A | copper dissolves hydrogen gas is
before zinc released
B | copper dissolves copper is
before zinc deposited

C zinc dissolves hydrogen gas is
before copper released
D | zinc and copper copper is
dissolve at the deposited

same time

13
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Section A
Answer all the questions in the spaces provided.
The total mark for this section is 50.

(@) Complete Table 1.1 to show the number of protons, electrons and neutrons in the sulfur atom and
in the magnesium ion.

Table 1.1
number of protons number of electrons number of neutrons
3g
16
25
M 2+
1219 3]
(b) State the electronic configuration of the magnesium ion.
.......................................................................................................................... [1]
[Total: 4]
Consider the following list of substances.
lead magnesium oxide zinc sulfate
silver chloride ammonium sulfate barium carbonate
sodium hydroxide iron(Il) nitrate dilute sulfuric acid
Each substance can be used once, more than once or not at all.
Name the substance(s) from the list above which
(a) is a salt that is prepared by precipitation.
........................................................................................................................... [1]
(b) can be used together to prepare a green insoluble solid.
........................................................................................................................... [1]
(c) can react together to produce a gas that turns moist red litmus paper blue.
........................................................................................................................... [1]
(d) can react together to form magnesium sulfate.
........................................................................................................................... [1]
(e) can react together to form a white precipitate that dissolves when one of the substances is added
in excess.
........................................................................................................................... [1]
[Total: 5]
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A3 A student carried out three experiments using zinc and dilute hydrochloric acid.
Zn + 2HCI| — ZnC|2 + H,

Fig. 3.1 shows the apparatus used in all three experiments. To start off the reaction, the student tipped
the flask so that the acid and zinc were mixed together.

=3
+—measuring cylinder

small test-
tube held by a
piece of
cotton

zinc powder hydrochloric acid

Fig. 3.1
In experiment 1, 0.650 g of zinc was added to 50 cm?® of 2.0 mol/dm? dilute hydrochloric acid.

At every minute, the volume of hydrogen gas collected was measured and the results were plotted on
the graph shown in Fig. 3.2.

400
total volume of
hydrogen / cm?
300
200
100 F
1 - ]
¢
0 2 4 6 8 10 12
time / minutes
Fig. 3.2

3
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(@) Which reagent, zinc or hydrochloric acid, was in excess at the end of the reaction?

Explain your answer with suitable calculations.

(b) Describe and explain, using ideas about collision theory, how the rate of reaction changes
during the experiment.

(c) The student carried out two further experiments.
Experiment 2 was similar to experiment 1, except that 0.325 g zinc was used.

Experiment 3 was similar to experiment 1, except that 4.0 mol/dm? of hydrochloric acid was
used.

Predict how the rates of reaction and the volume of gas(es) produced for experiments 2 and 3
would vary in comparison to experiment 1.

........................................................................................................................... [2]
[Total: 8]
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A4 Hydrogen is an alternative fuel to gasoline (petrol). The combustion of hydrogen in vehicles provides
energy for vehicles.

(@) Write a balanced chemical equation for the combustion of hydrogen.

........................................................................................................................... [1]
(b) Use the bond energies in Table 4.1 below to calculate the energy change for this reaction.
Table 4.1
bond bond energy in kJ/mol
H-H 436
0=0 498
O-H 464
(2]
(c) Suggest why the bond energy of O = O is higher than the bond energies of H—-H or O — H.
........................................................................................................................... [1

(d) Explain, in terms of the energies involved in bond breaking and bond forming, why hydrogen can
be used as a fuel.
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(e) Complete the energy profile diagram in Fig. 4.2 for the combustion of hydrogen.
Your diagram should include
e the formula of the reactant(s) and product(s) of the reaction,

e alabel for the enthalpy change and activation energy of the reaction.

energy
A

[

progress of reaction

Fig. 4.2

(3]
[Total: 9]
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A5 Fritz Haber was a German chemist who received the Nobel Prize in Chemistry in 1918 for his invention
of the Haber process. In this process, nitrogen and hydrogen gases are reacted together at 450 °C and
200 atm, as shown in the following equation.

N2(g) + 3H2(g) = 2NH3(g) AH =-92 kJ/mol

(a) Nitrogen and hydrogen gases are the reactants for this process. Give the source of each reactant.

............................................................................................................................ 2]

The graphs in Fig. 5.1 show the percentage yields of the Haber process under different conditions of
pressure and temperature used in the industries.

yield of ammonia / %
B0 e

70 4

50 NN N

30 4

20 4.

=400 atﬁn
> 300-atin
H0-aly
-1~ 200 atm
> temperature / °C

350 5 600
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(b) (i) 140 g of nitrogen is mixed with 30 g of hydrogen at 450 °C and 200 atm. With reference to
Fig. 5.1, calculate the mass of ammonia formed.

(3]
(ii) Sketch a graph in Fig. 5.2 to show how the percentage yield of ammonia formed varies with
time.
. A
percentage yield
of ammonia / %
time / mi?w
Fig. 5.2
(1]

(iii) In Fig. 5.1, a higher yield of ammonia can be achieved with a pressure of 500 atm. Suggest
why this pressure is not used in the industry.

..................................................................................................................... [1]

(iv) The graphs seem to indicate that the minimum temperature used in the industry is 370 °C.
Suggest why a lower temperature is not used.

..................................................................................................................... 1
[Total: 8]
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A6 Silicon is a metalloid found in Group IV of the Periodic Table.

(a)

(b)

(c)

Silicon is extracted from silicon dioxide by reacting it with carbon.
SiO,; + 2C — Si+ 2CO

Explain why this reaction is a redox reaction.

............................................................................................................................ 2]

Silane is a molecular compound made up of hydrogen and silicon atoms only.

(i) Draw the ‘dot-and-cross’ diagram for silane. You only need to show the outer shell electrons.

(2]

(i) Using ideas about structure and bonding, suggest why silane has a low boiling point.

..................................................................................................................... [2]
[Total: 8]
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A7 Three important processes in the carbon cycle are combustion, respiration and photosynthesis.

(@) Write a balanced chemical equation for the complete combustion of methane, CHa.

............................................................................................................................ [1]

(b) (i) Describe how the processes in the carbon cycle regulate the amount of carbon dioxide in
the atmosphere.

..................................................................................................................... 2]

(ii) Carbon dioxide is a greenhouse gas. What do you understand by the term greenhouse gas?

(iii) Methane is also a greenhouse gas. Give one source of methane in the atmosphere.

..................................................................................................................... [1]

(iv) The percentage of methane by volume in the air is 0.00014 %. Calculate the mass of
methane in 1000 dm? of air.

(2]

(c) Plants use water in photosynthesis. Water containing the radioactive isotope 80 is fed to a plant.
The resulting radioactivity in the products of photosynthesis is shown in the following equation.

6CO, + 6H2180 — CgH 1206 + 61802
glucose

What does this tell you about the origin of the oxygen in each of the products?

............................................................................................................................ [1]
[Total: 8]
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Section B
Answer all three questions from this section.
The last question is in the form of an either/or and only one of the alternatives should be attempted.
The total mark for this section is 30.

B8 Bromine is an important industrial chemical used for making flame retardants and water
disinfectant. Bromine is usually extracted from sea water, which is naturally rich in bromide ions in
the form of sodium bromide. Chlorine can be bubbled into the sea water to convert bromide ions
into bromine.

A student carried out an experiment in a laboratory to investigate the reaction between bromide
ions and chlorine gas. She bubbled chlorine gas through dilute potassium bromide solution for 6
minutes. She took samples of the reaction mixture every 30 seconds and measured the colour
intensity of each sample using a colorimeter.

A colorimeter measures light absorbed when the light passes through a coloured solution. Fig. 8.1
shows how a colorimeter works.

I
\/I >
o :
AN >

I

|

light —
source sample being detector
tested absorbance
readin
Fig. 8.1 g

The darker the colour of the solution, the more light is absorbed and the higher the absorbance
reading on the colorimeter. The student plotted her results in the graph as shown in Fig. 8.2.
1.0

0.9-
0.8
0.7+
0.6
absorbance 0.5
0.4+
0.3
0.2
0.1+

0.0 T T T T T
0 1 2 3 4 5 [

time/minutes
Fig. 8.2
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(@) Explain why chlorine bubbled into sea water can convert bromide ions into bromine.

..................................................................................................................... 2]

(b) Write an ionic equation for the reaction between chlorine gas and aqueous sodium bromide.

..................................................................................................................... 2]

(c) (i) Describe the colour change that the student will observe when chlorine gas is bubbled
into aqueous sodium bromide.

............................................................................................................. [1]

(i) Hence, explain why aqueous bromine has a high absorbance value but aqueous
chlorine has a low absorbance value.

............................................................................................................ 2]

(d) With reference to Fig. 8.2, describe how the value of absorbance changes with time during
the 6 minutes.

..................................................................................................................... 13]
[Total: 10]
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B9 Nitrogenous fertilisers are soluble salts used to increase crop yield. Two commonly used nitrogenous
fertilisers are ammonium chloride and ammonium phosphate.

(a)

Which fertiliser, ammonium chloride or ammonium phosphate, contains a greater percentage
mass of nitrogen? Explain your answer with suitable calculations.

(2]

(b) Ammonium chloride can be prepared by reacting aqueous ammonia with dilute hydrochloric acid.

(c)

Write an ionic equation for this reaction.

........................................................................................................................... [1]

Ammonium phosphate can be prepared by reacting dilute phosphoric acid and aqueous
ammonia. Phosphoric acid is a weak acid.

(i) Describe the difference between strong and weak acids.

(ii) Describe a chemical test to distinguish the strong acid and the weak acid.

................................................................................................................... 2]

(iii) Suggest the chemical formula of a possible ‘acid salt’ formed in the reaction between dilute
phosphoric acid and aqueous ammonia.
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(d) Suggest why slaked lime should not be added to soil together with ammonium fertilisers such as
ammonium chloride. Use an equation to support your answer.

........................................................................................................................... [2]
[Total: 10]

EITHER

B10 Iron is extracted in a blast furnace using haematite, coke and limestone. During the extraction, waste
products are formed.

(@) (i) Name two main waste products of this process and write equations to show their
formations.

................................................................................................................... [3]
(ii) Calcium cannot be extracted from its metal ore using the same method as iron.
Suggest a suitable method of extraction and explain your answer.
.................................................................................................................. [2]
(b) When underwater, iron pipes will rust relatively rapidly.
(i) State the essential conditions needed for the rusting of iron.
................................................................................................................... [1]

14
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(ii) Pieces of magnesium are often attached to underwater iron pipes. Explain how the
magnesium protects the iron pipes against rusting.

(iii) lron pipes in warmer sea water rust much faster than those in colder sea water.

Explain why this is so.

................................................................................................................... 2]
[Total: 10]
OR

B10 (a) The NASA space shuttle uses fuel cells to generate electricity. Fig. 10.1 shows a hydrogen-
oxygen fuel cell.

external circuit

hydrogen in - = - oxygen in

| — electrolyte

negative electrode —__ |

— positive electrode

Fig. 10.1
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At the positive electrode, oxygen reacts with water as shown.
02(g) + 2H20(l) + 46~ — 40H(aq)
At the negative electrode, hydrogen reacts with hydroxide ions as shown.
Ha(g) + 20H~(aq) — 2HO(l) + 2e~
The overall reaction in the fuel cell is the reaction between hydrogen and oxygen to make water.

(i) Give one source for oxygen for use in a fuel cell.

................................................................................................................... [1]
(ii) What is the name of the electrolyte used in the fuel cell?

................................................................................................................... [1]
(iii) What type of reaction takes place, reduction or oxidation, at the positive electrode?

Explain your answer in terms of oxidation state.

................................................................................................................... [1]

(iv) Describe one advantage and one disadvantage of using a fuel cell to generate electricity.

(b) Fig. 10.2 shows a cell that can be used to make electrical energy.

voltmeter

e

——rod of metal X, Y orZ

magnesium
rod

electrolyte

16
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Explain why distilled water is not used as the electrolyte.

................................................................................................................... [1]

Table 10.3 shows the results when rods of three metals, X, Y and Z, are used in separate
experiments. All the metals are less reactive than magnesium.

Table 10.3
rod 1 rod 2 voltmeter reading/V

magnesium X 2.72

magnesium Y 0.78

magnesium z 1.10
Place the metals in order of reactivity.
most reactive magnesium
least reactive ........................... [1

In a separate experiment, a student places a rod of magnesium in aqueous silver nitrate.
What would you expect to see after the reaction had been taking place for some time?

Include an ionic equation to explain the reaction which happened.

................................................................................................................... [3]
[Total: 10]
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